This document has been approved for public release and sale; its distribution is unlimited. The cone-probe is an instrument for the absolute measurement of Mach number, total pressure, and flow angle. It consists of a cöne-cylinder having four static pressure taps on the conical surface and a total pressure tap on the centerline. Applying both exact cone flow theory and linearized aerodynamic theory to the five pressure measurements yields Mach number, total pressure, and flow angle. In practice fabrication errors in combination with pressure measurement errors negate the simple application of aerodynamic theory and necessitate that the probe be experimentally calibrated.
A typical calibration (Ref. 1) consists of testing the probe in a known flow field at various known orientations. The resulting data are then used to construct calibration charts which relate (1) nondimensional static pressure differences to pitch and yaw angles of the flow field, (2) total pressure to pitch and yaw angle, and (3) nondimensional average static pressure to free-stream Mach number and the pitch and yaw angles of the flow. Some of the disadvantages of this type of calibration are 1. A large amount of experimental data is required.
2. The results are in graphical form and must be converted for computer use.
3. The angle of the flow relative to the centerline of the coneprobe must be accurately known for each experimental point.
4. The probe must be calibrated over the range of Mach numbers that the probe is expected to encounter when used.
5. The calibration flow field must be known.
In this report, a new calibration procedure is presented which requires only four experimental data points corresponding to four orientations of the cone-probe. These four experimental points are obtained by testing the probe in a flow field of unknown Mach number and flow angle. The four experimental points are used to determine (1) constants in calibration equations which relate pitch and yaw flow angles to nondimensional pressure differences, (2) constants in a calibration equation which relates a nondimensional average static pressure to the pitch and yaw angles of the flow, and (3) the Mach number, total pressure,
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and flow angles of the unknown flow field. The form of the calibration equations is established by the application of linearized aerodynamic theory to a generalized cone-probe geometry.
SECTION II THEORY OF CALIBRATION
The theory of calibration presented in this report can be applied in a number of different ways, depending on the assumptions concerning the calibration flow field and the design of the cone-probe. In this report, the theory is applied, based on the following assumptions:
1. The calibration flow field is unknown. Within the framework of these assumptions, only the effects of an angular misalignment of the static pressure taps need to be determined by a calibration. Such a calibration procedure is developed in the following sections.
SECTION III BASIC CALIBRATION EQUATIONS

DERIVATION OF PITCH AND YAW CALIBRATION EQUATIONS
Each static pressure tap is assumed to be radially located at angles 0 a , 0^, 0 C , and 0(j relative to an arbitrarily selected cylindrical coordinate system as shown in Fig. la (Appendix). The axis of this cylindrical coordinate system does not necessarily correspond to the physical centerline of the cone-probe. The calibration procedure determines the orientation of an "aerodynamic" axis which is defined
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to be the flow direction required to equalize the four static pressure measurements. For a perfectly constructed cone-probe, the aerodynamic axis coincides with the physical centerline of the cone-probe.
From Fig. lb , the following trignometric relations can be derived:
For flow angles less than 20 deg, Eqs. (1), (2), and (3) can be approximated as follows:
According to linearized aerodynamic theory (assumption 3), the static pressure at each tap can be represented by the following equations :
pd = bd -aj a cos (0 + 0 Q ) (10)
It is usual to nondimensionalize static pressure with the free-stream dynamic pressure; however, in this calibration, the free-stream dynamic pressure is unknown because the flow field is unknown (assumption 1). Therefore, the static pressures are nondimensionalized with the measured total pressure (p. ). Let The constants A and B in each of Eqs. (11), (12), (13), and (14) are independent of a and 9. This is experimentally verified in Ref. 1.
Equations (11), (12), (13), and (14) 
The angles e JQ and 0*10 are the pitch and yaw angles of the aerodynamic axis relative to the reference axis.
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Equations (27) and (28) are the calibration equations for pitch (e) and yaw (a). Each equation involves three unknowns; and since the calibration flow field is unknown, there is a total of four unknowns (J, K, eio» and e Q for Eq. (27)). These four unknowns can be determined from four experiments.
DERIVATION OF CALIBRATION EQUATION FOR AVERAGE STATIC PRESSURE
The free-stream Mach number and total pressure are theoretically related to the ratio of average static pressure to total pressure. This relationship is based on the assumption that the average static pressure equals the surface static pressure on a cone at zero angle of attack. This is true only for a perfectly constructed cone-probe obeying linearized aerodynamic theory. For a practical cone-probe, the average static pressure is a function of flow angle as shown in the following derivation. Let 
Equation (40) involves two unknowns (E and F); however, the calibration flow field is also unknown (assumption 1), so there is a total of three unknowns. These three unknowns can be determined using three of the four experiments required to determine the constants in flow angle calibration equations.
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In Eq. (40) 
SECTION IV CALIBRATION EXPERIMENTS
Four experiments are required to determine all the unknowns in the calibration equations and the calibration flow field. Each experiment consists of a different orientation of the cone-probe with respect to the flow field. The orientations are arbitrary; however, relative orientation changes from experiment to experiment must be accurately known. The four experiments selected are discussed in the following sections.
EXPERIMENT I
The probe is located in the calibration flow field such that the flow angles are less than 20 deg relative to the reference coordinate system. The axis of the reference coordinate system is taken to be the geometric centerline of the cone-probe.
The unknown flow field is approaching this coordinate system at the angles eg and CT 0-Therefore, in calibration Eqs. 
EXPERIMENT III
The cone-probe is returned to its orientation in experiment I and then pitched to an angle, €\. The quantities to be substituted into the calibration equations are Solving for these unknowns yields 
